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(57) ABSTRACT

An observation instrument has a shaft and an 1maging unat,
the 1maging unit comprising an objective lens system and an
clectronic 1mage sensor arranged for picking up an image
generated by the objective lens system, the imaging unit
being pivotably arranged 1n a distal end section of the shalft,
a pivot axis of the imaging umit being transverse to a
longitudinal axis of the distal end section of the shatft,
wherein the 1mage sensor 1s arranged substantially parallel
to an optical axis of the objective lens system and the
imaging unit comprises a deflection element for deflecting
light exating from an 1mage end of the objective lens system
to an image pick-up surface of the image sensor. The
invention also relates to a video 1imager arrangement for an

observation instrument.
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OBSERVATION INSTRUMENT AND A VIDEO
IMAGER ARRANGEMENT THEREFOR

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to German Application
No. 102019003378.7 filed May 14, 2019, entitled, “OBSER -

VATION INSTRUMENT AND VIDEO IMAGER
ARRANGEMENT FOR AN OBSERVAITION INSTRU-
MENT” and 1s incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to an observation instru-
ment, particularly one 1in the field of endoscopy, and to a
distally placed video imager arrangement for such an obser-
vation instrument.

BACKGROUND OF THE INVENTION

Endoscopic examination techniques have prevailed 1n a
multiplicity of medical and veterninary fields of application,
as well as 1n many non-medical fields. In such examination
techniques, an endoscope, which has an elongate shaft with
an 1maging optical system, 1s imtroduced into an internal
cavity ol a human or animal body or another object to be
examined. The elongate shait that 1s configured for being
inserted nto the cavity of the body or other object may be
rigid, semi-rigid or tlexible. In a distal (1.e. distant from an
observer) end section of the elongate shait an endoscope
objective 1s arranged for generating in an image plane an
image of an object field 1n the cavity of the body or object.
In many endoscopes the generated image 1s picked up by an
clectronic 1image sensor arranged in the distal end section of
the shaft and transmitted electronically towards a proximal
(1.e. close to an observer) end section of the endoscope for
being displayed to the observer.

Depending on an intended application, endoscopes with
various viewing angles are known. In particular, oblique-
view endoscopes are known which have a viewing direction
that deviates from a longitudinal axis of the shait. Moreover,
optical observation mnstruments are known for observing a
surgical field on a human or animal body from a position
outside the body, which are designed with a shaft typically
having an objective and an electronic image sensor 1 a
distal end section of the shait, being usually designed for
oblique or side view. Such observation instruments are
generally known as “exoscopes”. Another kind of observa-
tion instrument 1s the endoscopic capsule that 1s designed for
being introduced 1nto a human or animal body and for being,
transported 1nside the body along a natural path, such as the
intestinal tract or blood vessel, and which may comprise an
objective and an electronic 1mage sensor for capturing an
image from 1nside the body and means for transmitting the
captured 1mage to the outside.

Frequently 1t 1s desirable for an observer to be able to
adjust a direction of view provided by the observation
istrument in order to observe diflerent object fields within
a body cavity, for example. To this end variable-direction-
of-view endoscopes have been developed, which permait
changing a direction of view defined by an optical assembly
arranged at a distal end of an endoscope shait. According to
a common design principle, one or more optical deflection
clements are provided adjacent to an objective lens system
of the endoscope, being pivotably mounted for directing
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light entering into the system from a variety of viewing
directions mto an optical axis of the endoscope.

In WO 2015/121145 Al an endoscope with a vanable
viewing direction 1s disclosed having a set ol prisms,
wherein a {irst prism can be pivoted with respect to a second
prism about an axis of rotation. Due to the design principle,
in such pivoting prism endoscopes only a limited opening
angle of the field of view 1s achievable and, further, the
optical 1imaging 1s not uniform over the entire swivel range,
and therefore 1maging errors such as astigmatism or distor-
tion change with a variation of the direction of view.

According to US 2015/0359420 Al an endoscope has a
or1p part and an 1nsertion section which 1s inserted 1nto a site
to be observed. The insertion section has a straight portion
and a bending portion, the bending portion having a rigid
section at a tip end portion 1in which an 1maging unit 1s
accommodated. The immaging unit has an image pickup
device and an optical lens that forms an 1image of object light
on the image pickup device. The imaging unit 1s pivotally
supported by a support arm, so as to be rotatable 1n a
right-left direction.

As disclosed 1n US 2014/0350338 Al, an endoscope

includes an 1nsertion portion to be inserted into a subject to
be observed, a first imaging unit and a second 1imaging unit
arranged side by side 1n a distal end portion of the 1nsertion
portion. An optical axis of the first 1imaging unit can be
changed to enable an 1mage-capturing arca of the first
imaging unit to be moved along a direction in which the first
imaging unit and the second 1maging unit are arranged. The
optical system of the first imaging unit 1s configured to have
a wide angle of view. The image center of the first imaging
unit has a resolution of 1920x1080 pixels (full HD).
DE 10 2015 003 681 Al discloses a device for taking an
image ol an object field on a human or animal body from
outside the body comprises a shaft and an optical unit
arranged at a distal end of the shait, which has observation
optics for taking the 1mage of the body Object field includes
and which 1s rotatable about an at least approximately
parallel to a viewing direction of the observation optics
rotation axis, the observation optics having a first and a
second stereo channel each having a lens and in each case at
least one electronic 1image sensor.

According to DE 10 2017 100 056 Al a video endoscope
with a pivotable viewing direction comprises a handle with
an operating element for pivoting the viewing direction, a
shaft tube fastened to the handle distally with a viewing
window which defines a hermetically sealed space extending
into the handle, a control element movably mounted in a
space between a housing wall of the handle and the her-
metically sealed space to which a first magnetic coupling
clement 1s arranged, which interacts with a second magnetic
coupling element arranged in the hermetically sealed space
in such a way that the first and the second magnetic coupling
clements comprise a magnetic coupling for contactless
transmission to form rotational and/or translational move-
ments.

BRIEF DESCRIPTION OF THE INVENTION

In prior art variable-direction-of-view video endoscopes
having a pivotable imaging unit, the size of the electronic
image sensor ol the imaging unit 1s strictly limited by the
available space 1nside the distal end section of the endoscope
shaft. In particular, a diagonal of the 1image sensor must be
less than an mner diameter of the distal end section of the
shaft, so as to fit into the shaft 1n an orientation for providing
a forward direction of view. However, the maximal achiev-
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able resolution depends on the dimensions of the image
sensor, a larger i1mage sensor 1n principle permitting
increased resolution. On the other hand, the shaft diameter
1s limited by the application for which the endoscope 1s to be
employed, for example by the diameter of a natural access
to an internal body cavity.

It 1s an object of the present invention to provide an
improved observation instrument, for example an endo-
scope, exoscope, or endoscopic capsule, with variable view-
ing direction. In particular, it 1s an object of the invention to
provide an observation instrument having an electronic
image sensor with an increased mechanical dimension, and
thus permitting an increased resolution. Further, 1t 1s an
object of the present invention to provide a video 1mager
arrangement for an observation mstrument in which an
clectronic 1mage sensor with an increased size can be
utilized.

In accordance with the present invention, an observation
instrument has a shait and an imaging unit. The observation
instrument may be an endoscope, in particular a medical
endoscope, being designed for medical applications, or a
borescope, being designed for industrial or other non-medi-
cal applications. In the following, the observation instrument
1s described 1n terms of an endoscope, however 1t i1s to be
understood that the observation instrument may be embod-
ied as another kind of observation instrument, for example
an exoscope or an endoscopic capsule, as 1s discussed below.
The observation mstrument may comprise further elements
such as a handle comprising control elements and connec-
tions to external systems, and an illumination system for
illuminating a cavity to be observed.

The shaft of the observation mstrument, 1n particular in
case ol an endoscope, may be elongate and may be config-
ured for being inserted mnto an internal cavity of a human or
amimal body or 1into some other hollow space in an object.
The shaft may be formed by a substantially cylindrical tube,
which may be rigid. In particular, a distal end section of the
shaft may have an approximately cylindrical inner space.

The 1maging unit comprises an objective lens system and
an electronic 1mage sensor that 1s arranged for picking up an
image generated by the objective lens system. The objective
lens system may comprise one or more lenses and other
optical elements, such as an aperture stop, or plate element
such as a filter, polarizer, retarder, or wave plate. The
objective lens system 1s configured for collecting incoming
light from an object field and to form an 1mage of the object
field in an 1image plane. The electronic image sensor may be,
for example, a charge-coupled device (CCD) or a comple-
mentary metal-oxide semiconductor (CMOS). The image
sensor 1ncludes a light-sensitive surface that serves as an
image pick-up surface to recerve the image generated by the
objective lens system. The image sensor 1s configured to
convert the captured image nto an electrical image signal.
The electrical image signal 1s transmitted to a storage and/or
display unit for being stored and/or displayed to an observer.
Electric lines, such as a cable or a flexible printed circuit
board, may be provided extending along the shait to a
proximal end of the observation instrument in order to
supply electric energy to the electronic 1mage sensor and for
transierring the image signal to the storage and/or display
unit. The observation mstrument may employ optical, inira-
red and/or ultraviolet radiation, which are all comprised by
the term “light”, for generating the 1mage that 1s electroni-
cally picked up and transmitted for being displayed and/or
stored.

The 1maging unit 1s pivotably arranged 1n an end section
of the shaft. In case of an endoscope, the 1maging unit 1s
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pivotably held 1n a distal end section of the shaft. Thus, the
objective lens system and the electronic 1image sensor can be
pivoted with respect to the shaft while a relationship
between the objective lens system and the electronic 1image
sensor remains unchanged during the pivoting motion. In
particular, the objective lens system and the image sensor
may be fixed relative to each other within a frame or a
housing of the imaging unit. The observation strument
may comprise an actuation mechanism such as a control
wire operated from the proximal end of the instrument, or a
motorized mechanism for controlling the pivoting motion of
the 1maging unait.

The pivoting of the objective lens system and the elec-
tronic 1mage sensor with respect to the shaft allows a larger
area to be viewed than with a fixed optic, such that the tip
of the endoscope requires less physical movement by an
operator.

A pivot axis of the pivotably arranged imaging unit, 1.€. an
axis about which the imaging unit can be pivoted, 1s sub-
stantially transverse to a longitudinal axis of the distal end
section of the shait. Preferably, the pivot axis forms an angle
of about 90° to the longitudinal axis. Thus, the imaging unit
can be tilted with respect to the distal end section of the
shaft, the objective lens system forming variable angles to
the longitudinal axis and therefore providing a variable
direction of view. Upon operation of the actuation mecha-
nism, a specific direction of view can thus be freely chosen
within a certain range.

In accordance with the present invention, the i1mage
sensor 1s arranged substantially parallel to an optical axis or
central axis of the objective lens system. In particular, the
image sensor has a sensor plane that includes the light-
sensitive surface or image pick-up surface, a normal to the
sensor plane being substantially at a right angle to the optical
axis ol the objective lens system. For example, a normal on
the sensor plane in a central area of the light-sensitive
surface may intersect the optical axis at approximately 90°.

Further in accordance with the present invention, the
imaging unit comprises a deflection element for detlecting
light exating from an 1mage end of the objective lens system
to the image pick-up surface of the image sensor. Light
coming from an object field to be observed, having passed
through the objective lens system and exiting from 1ts image
end 1s thus directed by the deflection element to the image
pick-up surface of the image sensor. The detlection element
1s therefore configured and arranged such that the image
generated by the objective lens system 1s formed on the
image pick-up surface of the electronic 1mage sensor, where
it can be received to be converted into the electrical image
signal. In particular, an axial light ray, 1.e. a ray passing the
objective lens system along or coaxial with the optical axis
of the objective lens system, may be deflected by the
deflection element towards the image pick-up surface. The
image end of the objective lens system 1s also denoted
“proximal end”, while an opposing end, at which end the
light coming from the object field enters into the objective
lens system, 1s denoted “object end” or “distal end”. The
deflection element 1s arranged on the image side of the
objective lens system 1n an optical path of the imaging unit
between the objective lens system and the electronic 1image
sensor. The deflection element 1s part of the pivotable
imaging unit and 1s pivotable with respect to the shaft 1n
conjunction with the objective lens system and the image
sensor, 1ts relation to the objective lens system and the
clectronic 1mage sensor remaining substantially unchanged
by the pivoting motion. The detlection element may have, in
particular, a deflection angle of about 90°. Preferably, the
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objective lens system, the deflection element, and the image
sensor are arranged such that the 1image plane of the objec-
tive lens system at least approximately coincides with the
sensor plane of the image sensor, and the axial ray may be
deflected such that it hits the sensor plane at or close to a
central section of the light-sensitive area of the image sensor.

The observation instrument according to the present
invention provides a variable direction of view, wherein the
direction of view can be varied by pivoting the imaging unat,
the objective lens system, the deflection element and the
image sensor being comprised by the pivotable imaging
unit. Due to the fixed relative arrangement of the objective
lens system, the deflection element and the image sensor,
image quality 1s independent of the chosen viewing angle,
and, for example, distortion can be corrected for all viewing
angles.

In a pivoting position of the imaging unit, 1n which the
optical axis of the objective lens system 1s substantially
parallel to the longitudinal axis of the distal end section of
the shait, 1.e. 1n a straight-view position, the image sensor 1s
arranged 1n an orientation that 1s substantially parallel to the
longitudinal axis; such an arrangement may therefore be
called a “lying” image sensor. Due to the “lying” arrange-
ment of the image sensor, the dimensions of the image
sensor are not strictly limited by a cross-section of the shatt,
as 1t would be 1n a “standing” arrangement of the image
sensor. Thus, a high-resolution 1mage sensor having a rect-
angular shape with a longer and a shorter side can be
integrated into the observation instrument shatft, even 1t a
diagonal of the 1mage sensor 1s longer than the inner width
of the shaft, and thus the 1image sensor would be too large to
fit 1into the shaft in a conventional arrangement. Moreover,
generally, an objective lens system having a larger length
generates an 1mage having higher image quality than an
image generated by a shorter objective lens system. Due to
the objective lens system being arranged parallel to the
longitudinal axis of the distal end section of the shait in the
straight-view position, the length of the objective lens sys-
tem 1s not strictly limited by the inner width of the shatt.
Thus, due to the arrangement 1n accordance with the present
invention, high-quality optics and a high-resolution 1image
sensor can be employed 1n an observation instrument having
variable direction of view.

According to a preferred embodiment of the mmvention,
the optical deflection element 1s a deflection prism that 1s
arranged on the 1mage pick-up surface of the image sensor
and fixed to the 1image sensor, preferably ngidly fixed to the
image sensor. In particular, the deflection prism has an
entrance face, a deflection face and an exit face, the deflec-
tion face being at an angle of 45° to each of the entrance and
exit faces, thus achieving a deflection angle of 90°. The
deflection prism 1s preferably arranged having its exit face
adjacent to the image pick-up surface of the image sensor.
The exit face, 1n particular, has a size not less than a size of
the 1mage to be transmitted to the image pick-up surface of
the 1mage sensor, and preferably a length of the exit face, as
measured parallel to the optical axis, exceeds the diameter of
an 1image circle by not more than about 50%. The deflection
prism may be glued with its exit face on the light-sensitive
surface or on a cover glass of the light-sensitive surface of
the image sensor. Further, a filter may be placed between the
image pick-up surface and the exit face of the deflection
prism. In this way, a compact and robust optical arrangement
can be provided.

Preferably, the imaging unit comprises a sleeve holding
the objective lens system, and the deflection element 1s a
deflection prism fixed to an image end of the sleeve. In
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particular, the sleeve may have a tubular shape, lenses and
other optical elements of the objective lens system being
mounted 1nside the tubular sleeve. The deflection prism may
be fixed ngidly to the sleeve, for example by mounting the
sleeve to an entrance face of the deflection prism, or by
mounting the deflection prism and the sleeve to a common
frame or housing. According to a particularly preferred
embodiment, the entrance face of the detlection prism 1is
fixedly held adjacent to an 1mage or proximal end of the
sleeve, and the exit face 1s fixed to the image pick-up surface
of the image sensor. Such an optical arrangement 1s particu-
larly compact and robust, providing unchanged image qual-
ity independent of tilting angle.

Most preferably, the optical axis of the objective lens
system 1s oflset to a sensor plane of the electronic 1mage
sensor. The offset may depend on the dimensions of the
objective lens system and of the deflection prism, which 1n
turn may be related to the dimensions of the image generated
on the 1image pick-up surface. For example, the oflset may
be about a diameter of the objective lens system, possibly
including the sleeve. In this way a particularly simple optical
design can be achieved, reducing production cost and optical
losses.

According to a preferred embodiment, the pivot axis 1s
arranged at a distal edge or 1n a distal end section of the
clectronic 1image sensor. Generally, electronic 1image sensors
have an approximately rectangular shape having a shorter
side and a longer side. Due to packaging and mechanical and
clectrical connections, the image sensor exceeds the size of
the light-sensitive surface. In the present case, the image
sensor may be arranged such that its shorter sides are
approximately transverse to the longitudinal axis of the
distal end section of the shaft. In a pivoting position 1n which
the sensor plane 1s parallel to the longitudinal axis of the
distal end section of the shaft, that one of the two edges
forming the shorter sides of the image sensor that 1s closer
to the distal end of the shatt 1s denoted the distal edge of the
image sensor. In accordance with the present embodiment,
the axis about which the imaging umt can be pivoted 1s
located along or near the distal edge of the image sensor. The
pivot axis may be defined mechanically by pivot points on
opposing sides of a frame or housing of the 1maging unit,
interacting with corresponding bearings on an inner side of
the shait or 1n an inner structure of the shaft. Depending on
the dimensions of the image sensor and the objective lens
system, as well as depending on the available space 1n the
distal end section of the shaft, an advantageous range of
viewing directions can be achieved in this way.

Alternatively, the pivot axis may be arranged 1n a proxi-
mal end section of the objective lens system, 1.e. at or near
the 1image end of the objective lens system, or at or near the
entrance face of the detlection prism. For example, the pivot
axis may 1intersect the optical axis of the objective lens
system at or near its image end. Such embodiments may be
advantageous, depending on the dimensions of the image
sensor and the objective lens system and depending on the
available space 1n the distal end section of the shatt.

Due to the pivoting arrangement, the imaging unit 1s
pivotable 1n a range of angular positions, defined by an angle
the optical axis of the objective lens forms to the longitu-
dinal axis of the distal end section of the shatft, which 1s a
viewing angle of the observation nstrument. In accordance
with a preferred embodiment of the present invention, the
imaging unit 1s pivotable between a first end position and a
second end position, which end positions are the extreme
angular positions limiting the pivoting motion of the 1imag-
ing umt, i particular the angular positions defining a
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maximal or minimal viewing angle. Preferably, in the first
end position the optical axis of the objective lens system 1s
substantially parallel to the longitudinal axis of the distal end
section of the shaft, and thus the viewing direction of the
imaging unit 1s substantially parallel to the longitudinal axis
of the distal end section of the shaft. In the second end
position the optical axis forms a maximal angle to the
longitudinal axis, defining a maximal viewing angle. At least
the second end position, which corresponds to a maximal
tilting angle of the imaging unit, may be defined by a
mechanical stop. The viewing direction of the observation
instrument can therefore be varied from a forward direction
to a side-view direction by the pivoting motion to one side
of the shaft axis within a range from 0° to the maximal
viewing angle. Thus a maximal range of freely choosable
viewing directions can be provided, wherein a further degree
of freedom may consist 1n a rotation of the shait about 1ts
longitudinal axis.

Most preferably, the maximal viewing angle 1s between
25° and 73°, 1.e. the range of viewing directions of the
observation mstrument 1s from 0° to the maximal angle
mentioned. Such a viewing angle corresponds to such a
maximal tilting angle of the imaging umit that permits
employing an advantageous imaging arrangement inside a
small-diameter shait, the arrangement comprising an 1image
sensor with a considerably increased resolution and an
objective lens system having high image quality. A maximal
viewing angle between 25° and 75°, combined with a typical
field of view, 1s sullicient for most endoscopic applications.

Preferably, the distal end section of the shait has an
approximately cylindrical inner space in which the imaging
unit 1s arranged. Preferably, a length L of the objective lens
system as defined by a distance between the object end and

the 1mage end of the objective lens system, satisfies the
relation

L=<h/sin a-d/tan a.

wherein h 1s an inner diameter of the distal end section of the
shaft, d 1s a diameter of the objective lens system, and a 1s
the maximal viewing angle. The length L of the objective
lens system typically is less than the upper limit given, due
to the curvature of the cylindrical tube forming the distal end
section of the shaft. In this way, an available 1nner space 1n
the distal end section of the shaft can be optimally used to
employ an objective lens system having a suflicient length
for providing high image quality, and at the same time
permitting a viewing angle suilicient for many applications.
As mentioned above, the imaging sensor may have a
rectangular shape with shorter and longer sides, wherein due
to packaging and mechanical and electrical connections the
dimensions of the image sensor usually are larger than 1ts
image pick-up surface. In accordance with a particularly
preferred embodiment, the length of a diagonal of the image
sensor exceeds the iner diameter h of the cylindrical inner
space of the distal end section of the shait. In particular, the
image sensor may be arranged such that 1ts shorter sides are
approximately transverse to the longitudinal axis of the
distal end section of the shaft, wherein a length of a longer
side may exceed the mner diameter h of the cylindrical inner
space. This permits employing a high-resolution sensor 1n a
narrow shaft, while still allowing some pivoting motion. In
particular a high-resolution sensor can be used that 1s too
large to fit into the shait in a “standing” arrangement. Thus
an observation mstrument with a variable direction of view
can be provided having an increased resolution.
Preferably, the distal end of the shaftt 1s sealed on its distal
side by a curved cover glass. The curved cover glass may be
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curved 1n one dimension only, for example as a cylindrical
section or a circular arc about the pivot axis of the 1imaging

unit, or in two dimensions, forming a section of a sphere
about a center point on the pivot axis, for example. In this
way a compact and robust design can be provided having an
image quality independent from pivot angle.

The observation instrument may be embodied as an
endoscope, which case has been described above. Prefer-
ably, the endoscope may be a rigid endoscope having a rigid
shaft. Alternatively, the observation instrument may be
embodied, for example, as an exoscope or an endoscopic
capsule. In case of the endoscopic capsule, the term “shaft”
1s to be understood to mean a roughly cylindrical section of
the endoscopic capsule thus defimng a longitudinal axis, and
the term “distal” means a side of the capsule to which
endoscopic view 1s provided.

The present invention also relates to a video i1mager
arrangement for an observation instrument having a shaft,
for example for an endoscope, an exoscope, or an endo-
scopic capsule as mentioned before. The video i1mager
arrangement comprises an imaging unit, the imaging unit
comprising an objective lens system and an electronic 1mage
sensor arranged for picking up an image generated by the
objective lens system, the imaging unit being pivotably
mountable 1n a distal end section of the shalt, wherein a
pivot axis of the imaging unit 1s approximately transverse to
a longitudinal axis of the distal end section of the shaft. In
accordance with the present invention, the 1image sensor 1s
arranged substantially parallel to an optical axis of the
objective lens system and the imaging unit comprises a
deflection element being arranged for detlecting object light
exiting from the objective lens system at an image end to an
image pick-up surface of the image sensor. Thus, the video
imager arrangement 1s configured such that the 1mage of an
object field 1s generated by the objective lens system on the
image pick-up surface of the image sensor, the 1mage
pick-up surface being substantially parallel to the optical
axis of the objective lens system. The imaging unit may
comprise a frame or a housing to which the objective lens
system, the 1image sensor and the deflection element are
fixed, the frame or housing having a pivot axis or pivot
points for being mounted pivotably in the shaft of the
observation mstrument. In particular, the observation instru-

ment and the 1maging unit may be configured as described
above.

The features of the invention as mentioned above and as
described below apply not only 1n the combinations men-
tioned but also 1n other combinations or alone, without
leaving the scope of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Further aspects of the present invention will be apparent
from the figures and from the description of particular
embodiments that follows. The figures are given by way of
illustration only, and thus are not limitative of the present
invention. The index numbers used throughout attempt to
convey uniformity as much as possible, while also permiat-
ting distinct reference thereto. Therelore, the numbering
system employed 1s for the sake of simplicity and clarity and
should not be considered limiting.

FIG. 1 shows an observation instrument in a schematic
VIEW.

FIGS. 2a-2¢ show a distal end section of the observation
instrument of FIG. 1 1n accordance with a first embodiment
of the invention 1n a perspective view, 1n a frontal view and
in a sectional view, respectively.
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FIG. 3 shows the imager arrangement according to the
first embodiment of the invention in a schematic view.

FIGS. 4a and 4b show the imager arrangement of FIG. 3
in its end positions.

FIGS. 5aq and 5b show an 1mager arrangement according,
to a second embodiment of the mnvention in 1ts end positions.

FIGS. 6a and 66 show an 1mager arrangement according,
to a third embodiment of the invention in 1ts end positions.

FIGS. 7a and 7b show a variation of the third embodiment
of the mvention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

As shown 1n FIG. 1, an observation imnstrument according
to the invention may be embodied as a video endoscope 1.
The video endoscope 1 comprises an elongate shaft 2 having
a rigid tube 3 in the example shown; alternatively, the shaft
could be semi-tlexible or flexible. The distal end section of
the shaft 2 1s denoted with reference 4 in FIG. 1. The
endoscope 1 further comprises a handpiece 3 arranged at a
proximal end of the shaft 2. The handpiece 5 may comprise
control elements 6 for controlling various functions of the
endoscope 1, for example for controlling the viewing angle,
and may comprise connections to electrical supply, image
processing, display and/or storage means, as well as to an
external light source (not shown).

The distal end section 4 of the shait 2 1s shown 1n FIG. 24
in an enlarged perspective view, in FIG. 26 1n an axial view
seen from the distal side, and 1n FIG. 2¢ 1n a longitudinal
sectional view. The shaft 2 has an oblique distal end 8. The
distal end section 4 of the shaft 2 may have three internal
compartments 9, 9', 9" separated by longitudinal walls 10,
10" inside the tube 3. In the side compartments 9, 9' light
guides 11, 11' may be arranged for transmitting 1llumination
light to the distal end 8 of the endoscope 1 and to 1lluminate
an object field to be observed. The light guides 11, 11' may
consist of a multiplicity of optical fibers that may be
embedded at the distal end 8 1n a suitable resin to form a
hermetic seal.

The central compartment 9" comprises an 1maging unit
12, which comprises an objective lens system 13 and an
clectronic 1image sensor 14 (see FIG. 2¢). The sectional view
shown 1n FIG. 2c¢ 15 a section along line B-B in FIG. 26 1n
a longitudinal plane 15 of the distal end section 4 of the shaft
2. As described below, the imaging unit 12 1s pivotably held
in the distal end section 4. The central compartment 9" 1s
hermetically sealed by a cover glass 16, which 1s transparent
or 1s transparent at least 1in such sections which may be
crossed by light rays that are imaged on the image sensor 14.

In the example shown the objective lens system 13
comprises at 1ts distal end a negative front lens 17, and two
turther optical elements 18, 19, which may be 1maging
lenses. Typically the objective lens system 13 comprises one
or more aperture stops (not shown). The lens 17 may be a
single lens or a lens group, for example a cemented doublet
or triplet. The further optical elements 18, 19 may be lenses
and/or glass blocks, which in turn may be single optical
clements or cemented doublets or triplets, for example. In
the proximal direction following the objective lens system
13, the imaging unit 12 comprises a deflection prism 20
which 1s mounted on the 1mage sensor 14. The deflection
prism serves to deflect light rays exiting from the objective
lens system 13 at its 1mage end towards the image pick-up
surface of the image sensor 14. The lens 17 of the objective
lens system 1s indicated symbolically also in FIGS. 2a and

2b.
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The imager arrangement according to a first embodiment
of the present invention 1s shown in a schematic sectional
view 1n FIG. 3. The imaging unit 12 1s configured as shown
in FIG. 2¢ and described above, while FI1G. 3 shows further
details. As indicated by dashed lines, the lens 17 and the
turther optical elements 18, 19 of the objective lens system
are held 1n their respective positions by a sleeve 21 which 1s
fixedly connected to the deflection prism 20 and the image
sensor 14. The lens 17, the optical elements 18, 19, and the
deflection prism 20 are configured such that rays entering
the imaging unit 12 from an object field along or close to an
optical axis 22, pass through the lens 17 and the optical
clements 18, 19, enter 1nto the deflection prism 20 at a right
angle to an entrance face 23, are detflected by 90° at the
deflection face 24 and exit from the deflection prism 20 at a
right angle to an exit face 25. The deflection prism 20 1s held
on the image sensor 14 such that the exit face 25 1s adjacent
to an 1mage pick-up surface 26 of the image sensor 14. For
example, the deflection prism 20 may be fixed or glued with
its exit face 25 to a cover glass of the image sensor 14 (not
shown). The objective lens system 13 1s configured to focus
an 1mage ol an object field on the 1mage pick-up surface 26,
1.¢. on the light-sensitive area of the image sensor 14, or at
least on a part of the light-sensitive area. Due to the
deflection at the detlection face 24 forming an angle of 45°
to the 1image pick-up surface 26 of the image sensor 14, the
optical axis 22 of the objective lens system 13 1s substan-
tially parallel to a sensor plane of the image sensor 14. The
exit face 26 has a side length which at least equals the
diameter of a circular image generated by the objective lens
system 13 on the 1mage pick-up surface 26, and preferably
1s less than about 150% of the image diameter.

Further, a pivot axis A of the imaging umt 12 1s shown 1n

FIG. 3, which may be, for example, configured as a bolt
which 1s rotatably held in corresponding bearings in the
walls 10, 10' (see FIG. 2b). The p1vot axis A 1s substantially
perpendicular to a longitudinal axis 27 of the distal end
section 4. Thus, the imaging unit 12, comprising the objec-
tive lens system 13, the detlection prism 20 and the image
sensor 14, 1s pivotably held 1n the distal end section 4 of the
shaft 2, forming a substantially rigid unit pivotable about
pivot axis A. The cover glass 16 1s depicted only symboli-
cally in FIG. 3. The imaging unit 12 may comprise further
clements, such as one or more diaphragms and/or spacers
(not shown). Moreover, one or more actuation elements may
be provided for actuating the pivoting motion, such as a
control wire connected to the control elements 6 of the
handpiece 5 (see FIG. 1), which actuation elements are not
shown 1 FIG. 3.

In the example depicted 1mn FIG. 3, the pivot axis A 1s
located at a distal edge of the approximately rectangular
image sensor 14. As indicated in FIG. 3, the sleeve 21
holding the objective lens system 13 has a length L and a
width d. This means that the imaging unit 12 can be pivoted
up to a tilting angle o, 1n which position the relation 1s
satisfied

I sin a+d cos a=</h

wherein h 1s the inner width of the tube 3 1n the distal end
section 4 of the shaft 2 (see FIG. 1). As 1s indicated 1n FIG.
3, the total height h may not be completely exploited due to
the curvature of a cross-section of the tube 3 in the central
compartment 9" (see FIG. 2b). Thus, generally

I sin a+d cos a=h
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If, on the other hand, the maximal tilting angle o 1s pre-
defined, the maximal allowable length L of the objective lens
system 13 1s

L=h/sin a-d/tan a

the maximal tilting angle ¢ 1s the maximal angular deviation
of the optical axis 22 of the objective lens system 13 from
the longitudinal axis 27 of the distal end section 4 of the
shaft 2, and thus the maximal viewing angle of the endo-
scope 1. The cover glass 16 1s inclined correspondingly at an
angle o with respect to a direction perpendicular to the
longitudinal axis 27. The cover glass 16 may be substantially
flat, as shown 1n FIGS. 2a, 2¢, and 3, or the cover glass may
be curved (see below).

Further, as can be seen 1n FIG. 3, the length of the longer
side, or at least a length of a diagonal of the image sensor 14,
can be larger than h, 1.e. larger than the mner width of the
tube 3, and may be larger than shown 1n FIG. 3. In standard
image sensors, the dimensions of the image sensor 14
exceed the respective dimensions of the light-sensitive sur-
face, and thus of the image pick-up surface 26, the image
sensor 14 comprising margins for electrical connections
and/or due to packaging. In FIG. 3 such margins 28, 29 are
those parts of the surface of the 1mage sensor that exceed the
image pick-up surface 26. The exit face 235 of the detlection
prism 20 substantially covers the image pick-up surface 26
and extends only over a small faction part of the margins 28,
29. A width of the image sensor 14, as well as the diameter
of the sleeve 21 and the width of the deflection prism 20 are
slightly less than a width of the central compartment 9" (see
FIGS. 2a-2c¢).

As can also be seen 1n FIG. 3, 1n a shaft 2 of given inner
height h the maximal achievable tilting angle ¢. may be
larger 1f L and/or the length of the image sensor 14 1is
smaller. Further, the smaller the image pick-up surface 26 1s,
the smaller the size of the deflection prism 20 can be chosen,
which 1n turn permits choosing a smaller diameter d of the
objective lens system 13 and thus permitting a larger maxi-
mal viewing angle o.. Thus, 1f h 1s pre-defined, there may be
a trade-ofl between L and/or d on the one hand and a on the
other hand.

The 1mager arrangement of FIG. 3 1s shown i 1ts end
positions 1n FIGS. 4q and 4b. The end position that corre-
sponds to the maximal viewing angle or tilting angle o 1s
shown 1n FIG. 4a, which 1s a simplified depiction of the
situation of FIG. 3. FIG. 456 shows the minimal viewing
angle, which 1s approximately 0°, 1.e. a viewing direction
parallel to the longitudinal axis 27 of the distal end section
4.

FIGS. 5a and 55, as well as FIGS. 6a and 65, show two
alternative embodiments, which are distinguished from the
arrangement of FIGS. 3 and 4a and 44 1n differing locations
of the pivot axis A. According to the embodiment of FIGS.
5a and 5b, the pivot axis A 1s located at the distal edge of the
image pick-up surface 26, which approximately coincides
with the intersection line of the entrance face 23 and the exat
face 25 of the deflection prism 20. In the embodiment of
FIGS. 6a and 65, the pivot axis A 1s placed at a location that
1s defined by the intersection of the optical axis 22 of the
objective lens system 13 with the entrance face 23 of the
deflection prism 20, the pivot axis A being parallel to the
image pick-up surface 26.

In a variation of the embodiment of FIGS. 6a and 65 and
as depicted i FIGS. 7a and 7b, the tube 3 or at least the
central compartment 9" may be sealed by a curved cover
glass 30. The cover glass 30 may be curved 1n a circular arc
about the pivot axis A, such that it i1s itersected perpen-
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dicularly by the optical axis 22 of the objective lens system
at the end positions of the imaging unit 12 as shown 1n FIGS.
7a and 7b, and preferably at all possible viewing angles. The
curved cover glass 30, on the other hand, may be embodied
as a section of a sphere having its center of curvature on the
pivot axis A, or may be curved i a shape that is not
symmetrical with respect to the pivot axis A. Although a
curved cover glass 30 1s shown only 1n a variation of the
third embodiment, a curved cover glass may be provided in
corresponding variations of the other embodiments.

The three embodiments described differ 1n the maximal
allowable length of the image sensor 14, which may exceed
the length shown 1n the Figures on a distal and/or proximal
side. In FIGS. 44-6b the components of the imaging unit 12
and of the distal end section 4 of the shait 2 are shown only
symbolically.

According to the embodiments described, for example, a
tull HD sensor having 1.4 um pixel size, and an objective
lens system 13 having a corresponding diameter d of about
3 mm may be employed in a vanable-direction-of-view
endoscope having a shait iner height h of about 5 mm,
while the direction of view may be freely chosen 1n a total
range of viewing angles up to a maximal viewing angle o of
at least 25°.

For clarity not all reference numerals are displayed 1n all
figures. IT a reference numeral 1s not explicitly mentioned 1n
the description of a figure, it has the same meaning as in the
other figures.

REFERENCE NUMERALS

1 Endoscope

2 Shatft

3 Tube

4 Distal end section

5 Handpiece

6 Control element

8 Distal end

9. 9", 9" Compartment
10, 10" Wall

11, 11' Light guide

12 Imaging unit

13 Objective lens system
14 Image sensor

15 Plane

16 Cover glass

17 Lens

18 Optical element
19 Optical element
20 Detlection prism
21 Sleeve

22 Optical axis

23 Entrance face

24 Detlection face
25 Exit face

26 Image pick-up surface
27 Longitudinal axis
28 Margin

29 Margin

30 Cover glass

A Pivot axis

The mvention claimed 1is:

1. An observation mstrument comprising a shaft and an
imaging unit, the 1maging unit comprising an objective lens
system and an electronic 1image sensor arranged for picking
up an 1mage generated by the objective lens system, the
imaging unit being pivotably arranged 1n a distal end section
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of the shaft, a pivot axis of the imaging unit being transverse
to a longitudinal axis of the distal end section of the shaft,
wherein the 1mage sensor 1s arranged substantially parallel
to an optical axis of the objective lens system, wherein the
imaging unit comprises a detlection prism, fixed to an image
pick-up surface or a cover glass of the image sensor, for
deflecting light exiting from an 1mage end of the objective
lens system to the image pick-up surface of the image
sensor, wherein the objective lens system and the electronic
image sensor are pivotable as a unit with respect to the shaft
between a first end position in which the optical axis of the
objective lens system 1s approximately parallel to a longi-
tudinal axis of the distal end section of the shaft and a second
end position 1n which the optical axis of the objective lens
system forms a maximal angle, o, to the longitudinal axis of
the distal end section of the shaft, where & 1s between
approximately 25° and approximately 73° , and wherein a
length, L, of the objective lens system 1s

L=h/sin a-d/tan a

where h 1s an 1nner diameter of the distal end section of the
shaft and d 1s a diameter of the objective lens system.

2. The observation instrument of claim 1, wherein the
imaging unit comprises a sleeve holding the objective lens
system, and wherein the deflection prism 1s fixed to an 1mage
end of the sleeve.

3. The observation instrument of claim 1, wherein the
optical axis of the objective lens system 1s oflset to the image
pick-up surface of the image sensor.

4. The observation instrument of claim 1, wherein the
pivot axis 1s arranged at a distal edge of the 1image sensor.

5. The observation instrument of claim 1, wherein the
pivot axis 1s arranged at a location defined by the 1ntersec-
tion of the optical axis of the objective lens system with an
entrance face of the deflection prism, the pivot axis being
parallel to the image pick-up surface of the image sensor.

6. The observation instrument of claim 1 wherein the
pivot axis 1s arranged at the 1mage end of the objective lens
system.

7. The observation instrument of claim 2, wherein the
pivot axis 1s arranged at the 1mage end of the objective lens
system.

8. The observation instrument of claim 1, wherein the
image sensor has a diagonal having a length exceeding the
inner diameter h of the distal end section of the shatt.
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9. The observation imstrument of claim 2, wherein the
image sensor has a diagonal having a length exceeding the
inner diameter h of the distal end section of the shatt.

10. The observation instrument of claim 1, wherein the
shaft 1s distally closed by a curved cover glass.

11. The observation instrument of claim 1, wherein the
observation instrument 1s an endoscope, an €xoscope or an
endoscopic capsule.

12. A video 1imager arrangement for an observation instru-
ment having a shait, wherein the video 1imager arrangement
comprises an imaging unit, the imaging unit comprising an
objective lens system and an electronic i1mage sensor
arranged for picking up an image generated by the objective
lens system, the imaging unit being pivotably arrangeable 1n
a distal end section of the shaft, a pivot axis of the imaging
unit being transverse to a longitudinal axis of the distal end
section of the shaft, characterized 1n that the 1image sensor 1s
arranged substantially parallel to an optical axis of the
objective lens system and that the imaging unit comprises a
deflection prism, fixed to an i1mage pick-up surface or a
cover glass of the 1image sensor, for deflecting light exiting
from an 1mage end of the objective lens system to the image
pick-up surface of the image sensor, wherein the objective
lens system and the electronic 1mage sensor are pivotable as
a unit with respect to the shaft between a first end position
in which the optical axis of the objective lens system 1is
approximately parallel to a longitudinal axis of the distal end
section of the shaft and a second end position 1n which the
optical axis of the objective lens system forms a maximal
angle, a, to the longitudinal axis of the distal end section of
the shalt, where a 1s between approximately 25° and
approximately 75°, and wherein a length, L, of the objective
lens system 1is

L=h/sin a-d/tan a

where h 15 an inner diameter of the distal end section of the
shaft and d 1s a diameter of the objective lens system.

13. The video imager arrangement of claim 12, wherein
the light detlection element 1s a detlection prism fixed to the
image pick-up surface or cover-glass of the 1image sensor.

14. The video imager arrangement of claim 13, wherein
the 1maging unit comprises a sleeve holding the objective
lens system, and wherein the deflection prism 1s fixed to an
image end of the sleeve.
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